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In a series of previous papers the present authors and collaborators have shown strong 
evidence for existence of the long-sought (T-particle by analyzing the vrTr-scattering and tttt- 
production processes, applying, respectively, the lA method and the VMW method. In 
this paper we examine the relation between the scattering amphtude T and the production 
amplitude J- from the viewpoint of the unitarity and the final state interaction (FSI) theorem 
by using a simple field theoretical model. As a result it is shown that the amphtudes in the 
physical state representation are directly represented through the Breit-Wigner amplitudes 
of the relevant resonances, and the respective forms of T and JT coincide with those in the 
lA and VMW methods, justifying our methods of analyses. 



§1. Introduction 



The light iso-singlet scalar a meson appears as a chiral partner of the vr meson 
in theJinear representation of chiral symmetrY. In lie Nambu-Jona-Lasinio (NJL) 
model and its extended version (ENJL)B)'l3)'lf 'ID ' y adapted to the quark model, 
which simply realizes the physical situation of DxSB of QCD, the existence of the 
c7-meson (or scalar meson nonet) is predicted with mass~ 2mq {ruq being the con- 
stituent quark mass). This a gives quarks constituent masses, and in this sense it 
partly plays a role of the Higgs particle of QCD. The existence of the cr-meson has 
been Jopp-sought frann varm^ and phenomenologi- 

cally.S)#i'Bl)'i)'B'i)'i)'§)'§)'@)'M'B'0) However, its existence as a 

resonant particle has not yet been generally accepted- _A jnajprxeason. for this is 



due to the negative results of conventional analyses ti-^'S^'ill^'Ei^'© ' of the 2Lzr 
phase-shift obtained from the high-statistics data of a CERN-Munich experiment c3) 
in 1974. 

In the recent pp-central collision experiment, a huge event concentration in the 
/ = 5- wave TTTT channel is seencj) in the region of m,r7r around 500 ~ 600 MeV, 
which is too large to be explained as a simple "background" and strongly suggests 
the existence of a resonant particle, which can be identified with a. Actually, it has 
been shown that the characteristic shape of the vr'^Tr'' effective mass spectra below 



*' The ENJL model predicts the existence of the NG pseudo-scalar boson, scalar meson, and, 
moreover, vector and axial-vectonjiieaoiuJiQijets. 

**•' However, see the analyses Ej*'Ej''Ej''E3-' which suggest the existence of cr. 
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1 GeV can be explained EH^'Eil'ElP by a coherent sum of the two {a and /o) Breit- 
Wigner resonant amplitudes. This paxametrization method of the Trvr-production 
amplitude is called the VMW method. c3) 

A similar event concentration around the region of m-j^T^ = 500 ~ 600 MeV is 
also observed^ in the vrvr system obtained in the J/^ — > wtttt decay, suggesting the 
existence of an iso-singlet S-wave state, which also seems to be identified with a. 

However, the claim of u-existence has been criticized from the so-called "uni- 
versality of TTTT-scattering amplitude" argument as follows: E3' "unitarity requires a 
resonance that decays to vrvr, for example, has to couple in the same way to this final 
state whether produced in vrvr scattering or centrally in pp pp(7r7r)...Thus claims 
of a narrow cr(500) in the GAMS results cannot be correct as no such state is seen 
in vrvr scattering." 

On the other hand being inspired by these experiments, we and our collabo- 
rators have recently made a re-analysis o^'E^'Ej^ of the vrvr phase shift through a 
new (S-matrix parametrization method, the interferring amplitude(IA) method, and 
found strong evidence for the existence of the a particle. The reason we obtained 
a different result from that in the conventional analyses is due to the introduction 
of the repulsive background phase 5bGi which cancels a main part of the attrac- 
tive phase due tcL OLjaroduction. This cancellation mechanism is guaranteed by 
chiral symmetry. EJ^'ca) However, it has been overlooked in the conventional anal- 
yses, leading to the wrong conclusion against the a existence. Several other 
groups have independently perfoimed re-analyses also leading to a positive conclu- 
sion I1ZP'E3)'E3) for a existence.tll Thus, not only the above "universality" argument 
for the vrvr-production processes but also the contents of the "universality" itself must 
be re-considered. 

In this paper we examine e2|)'E3) the validity of the methods, the lA method 
(VMW method) for scattering (production) amplitude applied in the above phe- 
nomenological analyses leading to a existence, from the general viewpoint of the 
unitarity and the applicability of FSI-theorem, especially noting the relation to the 
universality argument. 

§2. General problem 

In treating the vrvr-scattering and production amplitudes, there are two general 
problems to be taken into account. 

Unitarity The scattering amplitude T (and its hermitian conjugate T^) must 
satisfy the condition 

T-T^ = 2irpr\ (2-1) 

where p is the vrvr-state density. 

Final State Interaction{FSI) theorem The production amplitude T must 



*'rB.eflecting these results the cr-particle has been revived in the list of the latest edition of 
PDCH after missing for twenty years, with the somewhat tentative label," /o(400 ~ 1200) or a". 
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Intrinsic bare states a, f : zero width 



L int : residual strong interaction 



Physical resonant states a, f : finite width 



Fig. 1. Resonance view based on a simple field-theoretical model, 
have the same phase 0* as T, 

Toce'^ ^J^oc e'\ (2-2) 
in case that the initial states have no strong phases.Ell 



( "Universality" of scattering amplitudes) Furthermore, a more restrictive relation 
3n_.F 
'®a 



betwee n T and T is conventionally required on the basis of the "Universality of 
T,"H'EiP as mentioned in Introduction: That is, 



J^ = a{s)T, (2-3) 

with a smooth real function a{s) of s. Following this, most analyses of experimen- 
tal data on in the region 771,^77 ~ 1.5 GeV, obtained in any type of production 
processes, are made as follows. First, T, with comparatively more rigorous data, 
is analyzed. Then, using this result as input, is analyzed by parametrizing the 
function a{s). Thus, in this procedure, physical information can be obtained only 
through scattering experiments, while any production experiment loses its value in 
seeking new resonances. 

Our results obtained by phenomeriological analysis, using the VMW-method, on 
the production process was criticized along the above line of thought that the 
claims for a in JF cannot be correct, as no such resonant poles exist in T due to the 
conventional phase shift analyses. However, as a result of the re-analysis of the vrvr 
scattering with the lA method, which satisfies unitarity, there seems to indeed exist 
a a pole in T. Accordingly, the main reason for the above criticism has been lost. 
However, in the VMW method there still remains a problem; whether or not it is 
consistent with the FSI theorem. 

In the following we ra-examine the relation between and T concretely, by 
using a simple model. e3*'eHP 

[Simple field theoretical model) In the NJL-type model as a low energy effective 
theory of QCD, (and in the linear a model, LcM, obtained as its local limit), or in 
the constituent quark model, the pion vr and the resonant particles such as cr(600) 
or /o(980) are the color-singlet (7^-bound states and are treated equivalently. These 
"intrinsic quark dynamics states," denoted as vf, a and / are stable particles with 
zero widths and appear from the beginning. Actually, these particles have structures 



*' See detailed discussion in 53.4. 
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and interact with one another (and a production channel "P") through the residual 
strong interaction 

£-f * = g^anTT + gjfTTn + 52.(vrvr)2(£P™'i ^ ^,a^T^^+ ^ff''P''+ 6.(vr7r)"P"). (2-4) 

Due to this, these bare states change0'izl* into physical states, denoted by 7r(= vf), a 
and / with finite widths, as shown in Fig. |^. In the following we consider only the 
virtual two vr-meson effects for the resonant a and / particles. 

§3. Three Different ways of description of scattering amplitudes 

There are the following three ways to represent scattering amplitudes, corre- 
sponding to the three types of basic states for describing the resonant particles, as 
is depicted in Fig. ^. 

1. Intrinsic quark- dynamics states (bare states) representation 

In the bases of zero- width bare states, denoted as \a), the vrvr-scattering amplitude 
is represented in terms of the vrvr-coupling constants (ja and the propagator matrix 
A as 

r = QaA^pgp. (3-1) 

By taking into account the effects of repetition of the vrvr-loop, the bare-state prop- 
agator acquires a finite width. The corresponding inverse propagator is represented 
by 

All = {M^-s-iG)^p. (3-2) 

The real and imaginary parts of the squared mass matrix take non-diagonal forms, 
which implies that the bare states have indefinite masses and lifetimes. The imag- 
inary part of the inverse propagator is 



Gc,p = gapgp] (p = y 1 - 4m2 /s/lGvr), (3-3) 

where p is the vrvr-state density. Then our T is easily shown to satisfy the unitarity, 
Eq. (2-1). 

2. ^^K-matrix" states representation 

The real part of A~'^ is symmetric and can be diagonalized by an orthogonal 
transformation: It transforms the bare states \a) into the "/C-matrix" states |q), 
as 

|q) = \a)oac,- (3-4) 
Correspondingly, T is represented by 

r = g&A-^g^, (3-5) 

with the inverse propagator 

^ J = - = - = ~9aP~9^^ (3-6) 
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Intrinsic quark-dynamics states 



{a}; a, f 



bare states 

stable intrinsic qq states 
T= ga A 0$ (g: real const.) 



L I — §a ^7C7C , §f ^tJC 




Stable prop. 



+ 




Aap = (M -S-iG) ap Inverse Prop. 
Gap = g« P gp Unitarity 



"K-matrix" states 



Physical resonant-states 



{a}; a, f 



T= gaAap" gp 

~ -1 (K) -1 

Aap = Aap - iGap 

Aap = (ma -s) oap 
t 

(only mass diag.) 
T=K(l-i pK)' 

~ (K) 

K= ga Aap gp 



1 



~ (K) 2 

ma-s 



{a};g, f 

T=Fa Aap Fp 

—1 2 2 c* 

Aap =(Ma-S -ipgg ) Oap 

definite 
mass & width 

F a : complex 
ga : real 

u: complex orthogonal 

physical state 

|(X>= a>uaa 



(g: real) 

Fig. 2. Three different representations of scattering amplitudes 



where the coupling constant ga{= daOaa) is real. These states have definite masses 
but indefinite lifetimes. The propagator A is, owing to Eq. (3-6), expressed in the 
form representing concretely the repetition of the tttt loop, as 

A = {l-iA,cG)-^^!C = ^ic + iAGAic. (3-7) 

Then T, similarly as the /C matrix representation in potential theory, takes the 
form 



T = K. + iT pK = 1C{1 - ipK) ^; K. = gaA^^pgp = ga{rh\- s) ^ge,. (3-8) 
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Prom the viewpoint of the present field-theoretical model, this "/C matrix," Eq. 
(3-8), has the physical meaning of the propagators of bare particles with infinites- 
imal imaginary widths, m| — > m| — ie, while the original /C matrix in potential 
theory is purely real and has no direct meaning. 

3. Physical resonant states representation, 

The imaginary part of A^^ in the /C-matrix state representation was reraained 
in a non-diagonal form. A^'^ can be diagonalized by a complex orthogonalB'EH* 
matrix u, satisfying ^uu = 1. It transforms \a) into the unstable physical states 
I a) as 

\a) = \a)uaa, («| =* Uaa{ct\. (3-9) 

It is to be noted that the transformation is not unitary and {a\ ^ Corre- 
spondingly, the T matrix is represented by 

T = F^A^^Fp = J2 FaiXa - s)-^F^; F^{= g^u^J (3-10) 

a 

where \a is the physical squared mass of the \a) state, and the Fa are the physical 
coupling constants, which are generally complex. The physical state has a definite 
mass and lifetime, and is observed as a resonant particle directly in experiments. 

§4. Scattering and production amplitudes consistent to FSI-condition 

In the following we show how the formulas in the lA and VMW methods sat- 
isfying the FSI theorem are derived effectively in the physical state representation. 
We start from the "/C matrix" states, which can be identified with the bare states 
\a){= \a)) without loss of essential points, since the reality of the coupling constant 
is unchanged through the orthogonal transformation Eq. (3-4). The real part of the 
mass correction generally does not have a sharp s dependence, and, accordingly, g 
is almost s independent, except for in the threshold region. 

4.1. Derivation of lA-metod and VMW-method satisfying FSI-theorem 

First we consider the two (cj, /) resonance-dominating case, assuming ^27r 
= ^27r = 0. The scattering amplitude T in the bare state representation is given by 
Eq. (3-8) as 

The production amplitude J- is obtained by replacing g^ , appearing in the numerator 
fC of T, by as 

where p^^^ is the production "/C matrix" . The FSI theorem is automatically satisfied, 
since both /C^^** and 7^^^^ can be treated as real and the phases of T^^^ and 
come from the common factor (1 — ipJC^'^^)^^. 
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g g ^ g 



Fig. 3. Scattering and production mechanism in a simple field-theoretical model of resonance dom- 
inative case. The production amplitude is obtained, following the mechanism shown in the 
figure, by replacing the first Trvr-coupling constant g in T with the production coupling ^. The 
amplitude obtained in this way automatically satisfies the FSI theorem. 

In the physical state representation, T is given by Eq. (3-10) as 

r^- = F,(A, - s)-^F^ + FfiXf - s)-^Ff, (4-3) 
where the physical squared mass is given by 



A„ = (1/2) [m? + Thj - ip{gl + g}) ± ^(m| - ?fij- - ip{gl - gj)y - Ap^gUjY, 

= Ml-ipgl. a = f,a. (4-4) 

The quantity A^ in Eq. (4-4) is identified with — ipg'^ appearing in the usual 
Breit-Wigner formula. Thus we define the physical mass and the real physical 
coupling factor g^ {g^ = — Ini Xa/p)- By a simple manipulationtll T^"^^ is rewritten 
into the form 

2 o2 2 o2 

^Res ^ ^ ^ 2ip , (4-5) 

Xa — S Xf — S Xfj — S Xf — s 

where the Xa and ga are represented by fha, (ja and p{s) (given in Eq. (3-3)), and, 
accordingly, are almost s independent, except for the threshold region. Thus, Eq. 
(4-5) is understood to be just the form of the scattering amplitude applied in lA 
method. 

Similarly, J^^'^^ in the physical state representation is given by 

T^- = ^ + (4-6) 

Xa — S Xf — S 

where r^e^^" = UaFa and rje^^f = ^jFf {Ua{= g^Up^) is the production coupling 
factor in the physical state representation, which is generally complex). By using 
the equation 

^ = A VV ^ 5 r-a^M^, rf^gj^f, (4-7) 

[Xa - S){Xf - S) J J J 



*-* Equation (4T) can be rewritten into the form pT^™ = —ImD/D (where D — (m? — s)(mj — 
s) — ip{g%{ifi^j — s) + g^jr(m% — s))). D is factorized as D = D1D2, where Di — \c — s and 
D2 = Xf - s, and pT^'== is represented by pT^""" = -lm{DiD2) / D1D2 = (-D2lmDi - DiImD2 + 
2ilmDiImD2)/ D1D2. This is equivalent to Eq.(4-5). 
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which is obtained from Eq. (4-2), r(j,rf,9„ and 9f are given by 

r^e^^- = [fa(mj - A«) + f^(m? - Xa)]/{Xf3 - K), (4-8) 

where (a,/3) = (c, /) or {f,cr). As can be seen from Eq. (4-8), and 9^ are almost 
s independent, except for the threshold region. Thus it is understood that Eq. (4-6) 
is the same formula as that applied in VMW method. 

In the VMW method, essentially the three new parameters, r„, Vf and the 
relative phase 9{= Of — 0a), independent of the scattering process, characterize the 
relevant production processes. Presently they are represented by the two production 
coupling constants, and .^j. Thus, among the three parameters in the VMW 
method there is one constraint due to the FSI theorem. Tq- and rj, corresponding 
respectively to and fj, are regarded as free parameters. On the other hand, 
9{= 9 f — 9a) is constrained by 



(m}- A/) + i?(m? - A/) 

[mj - A^j + R{mi - \^) ^ 



which is obtained from Eq. (4-8). 

Next we consider the effect of the non-resonant background. It can be introduced 
consistently with the FSI theorem. In the lA method the scattering S matrix takes 
a multiplicative form of the resonant and background parts as 

Correspondingly, the T matrix is represented by the respective /C matrices, IC^'^^ and 
KP'~^ . J- is obtained in a manner similar to Eq. (4-2) as 

t^Res I i^BG -pRcs _i_ -pBG 

r = - — - >T= - — (■4-11) 

where J^^^^ and V^*^ are the resonant and background production "/C matrix", re- 
spectively|^/C^*^(7'^'^) is equal to the background coupling factor g2-K{s){^2Tr{s)) in 
Eq. (2-4) .til This J- automatically satisfies the FSI theorem. It can be rewritten as 

jr ^ r^^^(l + ipTBG)+J^^^{l + ipT^^'), (4-12) 
_^BG^ pBG/(i _ ^ /BG(5)e*'«°. (4-13) 

Both the first and the second terms in Eq. (4-12) have a and / poles, and Eq. (4T2) 
can be rewritten as 



r^{s){mf - s) + rj{s){ma - s) 
{\a - s){Xf - s)e-^^^G 



^= ' z\ ■ (4-14) 



*-* The background coupling factor is generally s dependent in the "/C matrix" representation. 
For example, in the case with the background of hard core type, g27r(s) — — ^j^tan pirc- 
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This has a similar form to Eq. (4-7), except for the s dependence of the production 
couphngs, given by 

ra{s) = fa cos 5bg + fBG{s){rhl - s), fj(s) = fj COS 5bg, (4-15) 

and the phase factor e~*''^^.0 In the case that the production couphng ^2n is so 
small that ^ /bg^t-I, fs-{s) and ff{s) have weak s dependences, and they are 
approximated with constants, fa{m'^) and fj{my), respectively. Then, Eq. (4T4) 
effectively reduces to Eq. (4-7), and the VMW method with a constrained phase 
parameter is reproduced in this case with a non-resonant background phase. 



4.2. Physical Meaning of the "Universality of T^^-,^''^ and the VMW method 

The methods of analyses we have used in studying scattering and production 
processes, respectively, the lA and VMW methods, are compared with those of the 
conventional analyses based on the "universality" of vrvr scattering pictorially in Fig. 
4. 

The TTTT scattering is largely affected by the effect of the non-resonant repulsive 
background, and T cannot be described by the usual Breit-Wigner amplitudes alone 
with a non-derivative coupling. The spectrum of T shows a very wide peak around 
y/s ~ 850 MeV, at which value the phase 8q passes through 90 degrees, and then 
falls off rapidly, as shown in Fig. 4. In contrast, the spectra of J- in the pp central 
collision and the J/^ ^ w/rTr-decay have peaks at around y/s = m^j (500 ~ 600 
MeV). 

In the conventional approach, with the universality relation T = aT, T is first 
analyzed and the phase shift 5 around y/s = rn-o- is interpreted as due to the back- 
ground, instead of a contribution. Then T is analyzed with a{s) arbitrarily chosen 



in the polynomial formtL 



a(s) = ^a„s''. (4-16) 

n=0 

In the most simple case with a =const, the universality relation implies that = 
(y-dai = 0!9f aiid ^27r = ctg2TT', that is, all the production couplings are proportional 



The overall phase factor 6"'*^° appears only in the angular analysis given in §2 through the 
scalar-tensor interfering term. This factor has a weak s dependence, and its effect may be regarded 
as being included in the phase parameters, the 8^, of the VMW method. 

**^ According to the relation T — aT, any production amplitude vanishes at the same position 
as the zero position, s — Sq , of-3", and this is clearly incorrectj— .To avoid this problem, modified 
forms, q(s) — j^^'^„^QCtnS"t3 or a(s) = X^n^o ~^ T^Ts^ ' ^'^^ used in the actual analyses. 
However, this operation is quite artificial and arbitrary, since we are free to choose any function 
which is zero at s = sjf , instead of s — S(f , to remove the zero of T{]C), as is seen from the above 
two different forms given by the original authors. In our scheme the zero position of .7^, s = Sq^, is 
dependent on both of the scattering and the production couphngs of the relevant resonances, and is 
difi'erent from . In this sense the above prescription for the-|'common zeros" problem is taken into 
account automatically. (See further details in the criticismEj' of our description and our replylSHP 
to it.) 
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Comparison of present method with conventional one 



Conventional method 

(Au, Morgan and Pennington '87) 

Scattring 



Present method 



K-matrix method 



\Tnn I 



180 




ma m90 

Production 



"UniversaUty"F= a(s)T 



Simple case a =const. 

same spectra for 
any production processes 

gf Bin 
Actual analysis 

/- ^ 

a(s) 

fit with parameters 
having no direct 
physical meaning 



production experiments 
lose values as means of 
seeking for resonances ! 




ma m90 



Scattring 



lA- method 



ITitit I 



180 



90 



5a 




/■ B 


imp-like 


structure 

8bg "---^ 



-90 

ma m90 

Production 




VMW- method 



~ gf g27l 




Fig. 4. Analyses by lA and VMW methods compared with the conventional analyses based on the 
"Universality" of tttt scattering. 



to the corresponding tttt couplings, and the spectra of and T become the same. 
Actually, they are different, and the difference is fitted by The masses and widths 
of the resonances are determined only from the tttt scattering, and the analyses of 
on any production process become nothing but the determination of the for 
respective processes, which have no direct physical meaning. Thus all the production 
experiments lose their values in seeking new resonances. 

On the other hand, in the VMW method, only the physically meaningful param- 
eters are introduced. The ^a, and ^27r('S) are independent parameters of the tttt 
scattering, and the difference between the spectra of and T is explained intuitively 
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by supposing the relations among the couphng constants such as 

9a 92-K ' 

that is, the ratio of background effects to the cr-effects are weaker in the production 
processes than in the scattering process. Thus in this case the large low-energy peak 
structure in \!F\^ shows directly the a existence. In this situation the properties of 
a can be obtained more precisely in the production processes than in the scattering 
processes. It seems to us that this difference between the two methods reflects their 
basic standpoints: In the "universality" argument, only the stable (pion) state forms 
the complete set of meson states, while a and /, in addition to the pion, are necessary 
as bases of the complete set in the VMW method. 

§5. Presence of the initial state phase and the VMW method 

In the previous section, we showed that the VMW method is an effective method 
to determine the resonance properties from production processes, although the pa- 
rameters for T have some constraint due to the FSI theorem. Here it should be noted 
that the FSI theorem is only applicable to the case in which the initial state has no 
strong phase. We must carefully examine whether the initial state has a phase or 
not in actual cases. We take the pp central collision process, pp ppmr, and the 
J/^ ^ WTTTT-decay as examples. The situations are schematically shown in Fig. |5|. 

First, in the pp central collision, the main contribution to the relevant process 
is usually considered to be due to the double pomeron exchange process, which is 
supposed to have no strong phase. However, it is known that this process is largely 
affected by the Z\-resonance diagram (described by the Breit-Wigner formula with 
finite width), which causes the initial strong phase, and the FSI condition may be 
violated. 

A similar situation occurs also in the J/^ a^vrvr-decay: this process is largely 
affected by the effect of wvr-resonances, such as 6i(1235) and its excited states, which 
supply the initial strong phase. 

This type of initialstrong phase generally exists in all processes under the effect 
of strong inter actions, til which can effectively be introduced in the VMW method by 
substitution of 

r^e ^^ . (5-1) 

We have little knowledge of these initial phases, and we are forced to treat the 
parameters in the VMW method as being effectively free. 

*' However, in weak decays, such as K ^ 2-r and Kn decays, the FSI condition is exactly 
satisfied, and the analysis using the VMW method with free parameters is not applicable to these 
processes. 



(4-17) 
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(Initial-State Strong-Phase) 

(Central pp collision) 




P ' P P 

"Initial" "Final" 

Initial Phase No(assume) 
Final S.I.cond. 




Yes 
X 



VMW-mothod 
with 
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free 
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few knowledge on Gp"^""* 



Q/\^^(mn decay) 
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Initial Phase 
Final S.I.cond. 



effectively 
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b 



No(assume) 

o 




Yes 

X 



VMW-mothod 
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constrained 
parameters 



free 

parameters 



free parameters 

Fig. 5. Applicability of FSI theorem to pp-central conision and J/^ — > wtttt decay. 



§6. Concluding remarks 

In this paper the relation between scattering and production amphtudes was 
investigated from the general viewpoint of the unitarity and the applicability of the 
FSI theorem, by using a simple field-theoretical model. The methods used in our 
phenomenological analyses of the TTTr-phase shift and the production processes, the lA 
method and the VMW method, respectively, were derived directly in the physical 
state representation of scattering and production amplitudes. The relative phase 
parameters 6 in the VMW method are constrained by the FSI theorem in the case 
it is applicable. However, in general production processes under the effect of strong 
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interactions, the initial states have unknown strong phases, and correspondingly the 
9 in VMW method are treated as being effectively free. 

Furthermore, we have checked carefully the physical meaning of the "univer- 
sality" argument, and have argued that the conventional analyses following it seem 
to be only parameter-fitting and meaningless in seeking new resonances, while the 
VMW method is an effective method applicable to general production processes un- 
der the effect of strong interactions, in determining the existence and properties of 
new resonances. 

For many years, some experimental factsH'E3*'E3)'E3) suggesting a existence, 
other than mentioned in the Introduction, obtained in various production processes, 
had been persuaded to be interpreted without the a meson by invoking the "uni- 
versality" of vrvr-scattering amplitude. However, as is shown here, we may conclude 
that the conventinal argument of the "universality" is incorrect. Accordingly, these 
production experiments should be re-analyzed through the VMW method by taking 
into account the possible effects of it existeiice. Especially in this connection the 
negative estimation!^ on the results H'E2P'0 obtained from the GAMS experiment 
(, which was mentioned in the Introduction,) should be corrected. 



Acknowledgements 



We would like to express our sincere gratitude to Professor K. Takamatsu and 
Professor T. Tsuru for valuable comments and continual encouragement. 



References 

[1] Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122 (1961), 345. 

[2] T. Hatsuda and T. Kunihiro, Prog. Theor. Phys. 74 (1985), 765; Phys. Rep. 247 (1994), 
221. 

T. Kunihiro and T. Hatsuda, Phys. Lett. B206 (1988), 385. 

T. Kunihiro, Prog. Theor. Phys. Suppl. No.l20 (1995), 75. 
[3] D. Ebert and M. K. Volkov, Z. Phys. C16 (1983), 205. 

M. K. Volkov, Ann. of Phys. 157 (1984), 282. 
[4] M. Takizawa, K. Tsushima, Y. Kohyama and K. Kubodera, Nucl. Phys. A507 (1990), 

611. 

[5] S. Klimt, M. Lutz, U. Vogl and W. Weise, Nucl. Phys. A516 (1990), 429. 
[6] J. Schwinger, Ann. of Phys. 2 (1957), 407. 

M. Gell-Mann and M. Levi, Nuovo Cim.AlG (1960), 705. 
[7] G. Kramer, Phys. Rev. 177 (1968), 2515. 
[8] J. L. Basdevant and B. W. Lee, Phys. Rev. D2 (1970), 1680. 

[9] L. H. Chan and R. W. Haymaker, Phys. Rev. D7 (1973), 402; 10(1974) 4143, 4170. 
[10] M. Taketani et al.. Prog. Theor. Phys. SuppL No.39 (1967), Chapter 3 (S. Ogawa et al., 
p. 140). 

N. Hoshizaki et al., Prog. Theor. Phys. 27 (1962), 1199. 

S. Sawada, T. Ueda, W. Watari and M. Yonezawa, Prog. Theor. Phys. 28 (1962), 991. 
M. Matsuda and S. Sawada, Prog. Theor. Phys. 31 (1964), 804. 
R. A. Bryan, C. Dismukes and W. Ramsay, Nucl.Phys.45 (1963), 353. 
R. A. Bryan and B. L. Scott, Phys.Rev.135 (1964), B434. 



[11] M. D. Scadron, Phys. Rev. D26 (1982), 239; |hep-ph/9710317| . R. Delbourgo and 
M. D. Scadron, Phys. Rev. Lett. 48 (1982), 379. V. Ehas and M. D. Scadron, 
Phys. Rev. Lett. 53 (1984), 1129; Mod. Phys. Lett.AlO (1995), 251. 
[12] H. Shimizu, contributed paper on Particle and Nuclei XIII International Conference - 
PANIC XIII, Perugia, Italy, June 1993. 



M. Y. Ishida, S. Ishida and T. Ishida 



L. S. Celenza, Xiang-Dong Li and C. M. Sharkin, BCCNT 96/121/259;96/lll/258. 
E. P. Shabalin, Yadern. Fiz. 41 (1985), 260 (Sov. J. Nucl. Phys. 42 (1985), 164);Yadem. 
Fiz. 48 (1988), 272(Sov. J. Nucl. Phys. 48 (1988), 172); Yadern. Fiz. 49 (1989), 588(Sov. 
J. Nucl. Phys. 49 (1989), 365). 

W. Bentz, L. G. Liu, and A. Arima, Ann. Phys. 188 (1988), 61. 

T. Morozumi, C. S. Lim and A. I. Sanda, Phys. Rev. Lett. 65 (1990), 404. 

T. Morozumi, A. L Sanda and A. Soni, Phys. Rev. D46 (1992), 2240. 

M. Takizawa, T. Inoue and M. Oka, Prog. Theor. Phys. Suppl. 120 (1995), 335. 

N. N. Achasov and G. N. Shestakov, Phys. Rev. D49 (1994), 5779. 

P. Ko and S. Rudaz, Phys. Rev. D50 (1994), 6877. 

D. Morgan, "Status of the O""" Nonet", Proc. of Argonne conf. 1975, p. 45. 

Y. Fujii and M. Fukugita, Nucl. Phys. B85 (1975), 179. 

K. L. Au, D. Morgan and M. R. Pennington, Phys. Rev. D35 (1987), 1633. 

D. Morgan and M. R. Pennington, Phys. Rev. D48 (1993), 1185. 

V. V. Anisovich, A. A. Kondashov, Yu. D. Prokoshkin, S. A. Sadovsky and A. V. Sarantsev, 

Phys. Lett. B355 (1995), 363. 

G. Mennessier, Z. Phys. C16 (1983), 241. 

S. Minami, Prog. Theor. Phys. 81 (1989), 1064. 

E. Beveren, T. A. Rijken, K. Metzger, C. DuUemond, G. Rupp and J. E. Ribeiro, Z. Phys. 
C30 (1986), 615. 

M. Svec, A de Lesquen and L. van Rossum, Phys. Rev. D46 (1992), 949. 

B. S. Zou and D. V. Bugg, Phys. Rev. D48 (1993), R3948; Phys. Rev. D50 (1994), 591. 

G. Grayer et al., Nucl. Phys. B75 (1974), 189. 

B. Hyams et al., Nucl. Phys. B64 (1973), 134. 

D. Aide et al., Phys. Lett. B397 (1997), 350. 

T. Ishida, in Proceedings of Int. Conf . Hadron'95, p. 451, Manchester UK, July 1995 (World 
Scientific, Singapore). 

T. Ishida, Doctor thesis, "On Existence of a(555) Particle — Study in pp-central collision 
reaction and Re-analysis of Trvr-scattering phase shift — ," Univ. of Tokyo (1996); KEK 
Report 97-8(1997). 

J. E. Augstin et al., Nucl. Phys. B320 (1989), 1. 

M. R. Pennington, in Proceedings of Int. Conf. Hadron'95, p. 3, Manchester UK, .July 1995 
(World Scientific, Singapore). 

S. Ishida, M. Y. Ishida, H. Takahashi, T. shida, K. akamatsu and T. sum. 
Prog. Theor. Phys. 95 (1996), 745. 

S. Ishida, T. Ishida, M. Y. Ishida, K. Takamatsu and T. Tsuru, Prog. Theor. Phys. 98 
(1997), 1005. 

R. Kamihski, L. Lesniak and J. -P. Maillet, Phys. Rev. D50 (1994), 3145. 
N. A. Tornqvist, Z. Phys. C68 (1995), 647. 

N. A. Tornqvist and M. Roos, Phys. Rev. Lett. 76 (1996), 1575. 

M. Harada and F. Sannino and J. Schechter, Phys. Rev. D54 (1996), 1991. 

Review of Particle Properties, Phys. Rev. D54 (1996) 1. 

M. Y. Ishida,Prog. Theor. Phys. 96 (1996), 853. 

Plenary talk of S. Ishida on "On Existence of (T(600)-Particle Its Physical Imphcations 

and Related Pro blems ", Int. Conf. on Hadron97, Brookhaven National Laboratory, 



hep-ph/9712229| , to be published. 

S. Ishida, M. Y. Ishida, T. Ishida, K. Takamatsu and T. Tsuru. "R,e-a nalvsis of -K-n/Kir- 



phase shift and Existence of (j(600)/K(900)-Particle," iep-ph/971223C , to be published in 
Proc. of Int. Conf. on Hadron 97. 

M. Y. Ishida and S. I shida, "Existenc e of a(600)/K(900)-Particle and New Chiral Scalar 



Nonet, "Chiralons" ," tiep-ph/9712231 , to be published in Proc. of Int. Conf. on Hadron 
97. 

K. Takamatsu. M. Y. Ishida. S. Ishida, T. Ishida, and T. Tsuru, "cr-Particle in Production 



Processes," hep-ph/9712232 i to be published in Proc. of Int. Conf. on Hadron 97. 



M. Y. Ishida, S. Ishida and T. Ishida, "Relation Between Scatter ing and Product ion 



Amplitudes Case of Intermediate a-Particle in Trvr-System ," hep-ph/9712233 

be published in Proc. of Int. Conf. on Hadron 97. 

S. Ishida, M. Oda, H. Sawazaki and K. Yamada, Prog. Theor. Phys. 88 (1992), 89. 



to 



Relation between Scattering and Production Amplitudes 



15 



K. M. Watson, Phys. Rev. 95 (1954), 228. 

I. J. L. Aitchson, Nucl. Phys. A189 (1972), 417. 

S. U. Chung et al., Ann. Physik. 4 (1995), 404. 

L. Rosenfeld, Acta Phys. Polon. A3 8 (1970), 603. 

M. R. Pennington, [hep-ph/9710456[ 

M. Y. Ishida, S. Ishida and 1'. Ishida, |hep-ph/9802272 , 

T. A. Armstrong et al, Z. PhysC51 (1991), 341. 

C. Amsler et al., Phys. Lett. B355 (1995), 425,433. 

T. Akesson et al, Nucl. Phys. B264 (1986), 154. 

H. Yoshino, J. Nagata, M. Matsuda, N. Hiroshige and T. 

(1996), 353. 



Ueda, Prog. Theor. Phys. 95 



